A field trail was conducted at three sites in East Delta Region, Egypt, during the two successive summer seasons 2015 and 2016 as well as winter seasons 2015/2016 and 2016/2017 to study the physiological response of some field crops grown under saline soil conditions to foliar spraying with potassium at 1 and 2% K 2 O in the form of K-leaf fertilizer besides control treatment. Results indicated that plant height, leaf area index (LAI), crop growth rate (CGR), net assimilation rate (NAR), photosynthetic pigments, soluble sugars, potassium content in leaves, potassium and protein percentages in grains or seeds, as well as yield and yield components for all crops under study were significantly increased when plants received 1% or 2% K 2 O. Also, significant increase was achieved in proline, Na + , and Na + /K + ratio in leaves when plants sprayed with water (control) as compared with other potassium treatments for all crops wheat, barley, faba bean, rice, maize and clover. Foliar spraying with 2% K 2 O as K-leaf fertilizer was more efficient for increasing growth, biochemical, potassium percentage, protein percentage and yield of wheat, barley, faba bean, rice, maize and clover crops as compared to untreated potassium fertilizer (control) under saline soils conditions.
INTRODUCTION
Nutrients are requiring for plants physiological and biochemical processes maintenance. These elements availability is often insufficient in soils and must be supplied as fertilizers and essential inputs for the successful crop growth and production. One of the three major macronutrients, potassium (K) has a special position as evident by its role in increasing the yield (Yadav et al., 2003 and Read et al., 2006) by increasing tolerance to all plants biotic and abiotic stresses. K plays a vital role in plants growth and yield as it is affected in assimilation, transport and storage tissue development (Cakmak 2005) , it plays a role in various enzymes metabolic processes and stomata conductance (Hawkesford et al., 2012) , also has an effect on nitrogen fixation and translocation of plant photosynthetic compounds from leaves to other parts (Savani et al., 1995) .
Under salt stress, K helps to maintain ion homeostasis and to regulate the osmotic balance. Many reports supported that K enhances antioxidant defense in plants and therefore protects them from oxidative stress under various environmental adversities (Cakmak 2005 and Cha-um et al., 2010) . In addition, this element provides some cellular signaling alone or in association with other signaling molecules and phytohormones (Hasanuzzaman et al., 2018) .
Nowadays, potassium fertilization became an important factor for crops production under Egyptian soils. Moreover, potassium fertilizers price is getting higher and becoming unaffordable by farmers, subsequently, foliar spraying of potassium is more suitable, target oriented and economical technique for increasing the fertilizer use efficiency and grain yield over soil application (El Kholy et al., 2003; Farooqi et al., 2012) . However, foliar fertilization with potassium is more economical than soil fertilizations due to the efficiency and lower cost.
Potassium sulfate fertilizer is authorized use in Egypt, according to the research, which has in previous years in partnership with the International Potassium Institute (IPI). Its unique properties allow growers to apply foliar sprays with maximum efficiency, providing fast potassium nutrition and quick correction in the event of a deficiency.
K-Leaf™ is a brand new, fast dissolving, highly soluble sulphate of potash (SOP) fertilizer, especially developed by Tessenderlo Group for foliar application. Moreover, K-Leaf™ may improve root uptake of potassium if the soil has a high fixation capacity for the nutrient. As a supplement to broadcast soil application of fertilizer, foliar application of K-Leaf™ offers a cost-effective means of achieving the highest quality crops. At the same time as assisting growers to produce crops with maximum export value, K-Leaf™ helps to optimize crop yield and protect sensitive environments. K-Leaf™ combines the essential nutrients potassium and sulphur in an optimal form that is highly soluble and readily available to plants. K-Leaf™ foliar sprays have proved to be effective in curing or preventing potassium deficiency in many crops when plant potassium demand is very high (e.g. during tuber, grain or fruit formation and growth) and when the soil has a high potassium fixation capacity and potassium uptake by the roots is limited.
The main objective of the present study was to evaluate using K-Leaf fertilizer at various concentrations on growth, yield and quality of some field crops and its impact on economic feasibility under salt affected soils.
MATERIALS AND METHODS
The present work was carried out at East Delta region, Egypt in three sites during the two successive summer seasons of 2015 and 2016 as well as winter seasons of 2015/2016 and 2016/2017 to study the physiological response of some field crops grown in saline soil to foliar spraying with potassium at various concentrations (1 and 2 % K2O) besides control treatment (without potassium application) in the form of K-leaf (ultra-fine powder; 52% K2O; 56% SO4; 18% S and 0.3% Cl) and their effect on growth, yield, yield components, photosynthetic pigments, soluble sugars and proline contents, Na+/K+ ratio, potassium and protein percentage in grains or seeds.
The field crops and their cultivated cultivars, seasons, sites of the experiment as well as times of potassium application are presented in Table 1 . The experiment was laid out in randomized complete block design (RCBD) with four replicates and each plot was 10.5 m 2 . Some physical and chemical properties of the experimental sites in the two seasons are presented in Table 2 . Field crops were sown on the recommended sowing time. P 2 O 5 was added in the form of calcium super phosphate (15.5% P 2 O 5 ) during soil preparation as recommended dose for each crop. Nitrogen fertilizer was added in the form of urea (46% N) at the recommended dose for every crop under study.
Other, cultural practices were applied according to the methods being adopted for every growing crop under study in the locality.
To determined growth traits, five plants were randomly taken from each plot at three different stages after sowing at suitable time for each crop under study. Plants were dried at 70 °C in the oven to a constant weight. According to Hunt (1990) formulas, the following traits were determined: -Plant height (cm). -Leaf area index (LAI) = leaf area per plant/ground area. -Net assimilation rate, in g/m 2 /day (NAR)= (W 2 -W 1 )(log e A 2 -log e A 1 )/(A 2 -A 1 )(t 2 -t 1 ). -Crop growth rate, in g/day/m 2 (CGR) = (W 2 -W 1 )/(t 2 -t 1 ). Where:
• A2-A1= differences in leaf area between two samples.
• W2-W1= differences in dry matter accumulation of whole plants between two samples in (g).
• t2-t1= Number of days between two successive samples (day).
• Loge = Natural logarithm.
At suitable time (mentioned in results) for each crop the following traits were determined: -Chlorophyll a, chl b and carotenoids) in mg/g fresh weight, according to Metzener et al. (1965) . -Soluble sugars using modifications of the procedures by Yemm and Willis (1954) . -Leaf proline content, in µg/g fresh weight, according to Bates et al. (1973) . -Potassium, sodium contents and Na + /K + ratio in plants leaves as mmole/kg dry weight, according to Allen et al. (1974) .
At harvest time, yield and yield components were determined for each crop under study as well as potassium and protein percentage in grains and/or seeds, according to Horneck and Miller (1998) .
Economic analysis; total cost of production of studied crops included the expenses on seed/grain, soil preparation, sowing and all other agronomic operations. Net benefit, gross revenue and benefit cost ratio were derived from the data collected.
Data of the two seasons were subjected to statistical analysis of variance according to Steel and Torrie (1980) . The treatments average was compared using LSD test at 0.05 level of significant.
RESULTS AND DISCUSSION
-Growth and growth analysis: Data in Table 3 shows the plant height, crop growth rate (CGR) and net assimilation rate (NAR) in six field crops after treated with foliar spraying with potassium. The plant height values of studied crops were increased when plants treated with both rates of foliar spray by potassium as compared with untreated plants (control) in the two seasons. The increase in plant height increased with increasing potassium rate from 1 to 2 % K 2 O. In the same trend CGR and NAR were increased significantly when plants treated with 1% K 2 O and 2% K 2 O as compared with control treatment in the two seasons for wheat, barley, faba bean, rice, maize as well as clover cuts. Damon and Rengel (2008) reported that higher crop growth rate might be exhibited due to higher photosynthetic efficiency in leaves with increasing K uptake and supplied emerging corps with existing photosynthates for proper filling, producing higher yield. However, the activation of enzymes by K and its involvement in adenosine triphosphate (ATP) production is probably more important in regulating the rate of photosynthesis than is the role of K in stomatal activity. Akram et al. (2010) reported that potassium accelerated the net assimilation rate (NAR). These results stand in harmony with those obtained by Aown et al. (2012) ; Ali et al. (2016) .
Leaf area index of studied field crops at three stages was presented in Table 4 . The data shows that LAI values were increased significantly in plants treated with 1% & 2% K 2 O as compared with untreated plants (control) in the two seasons. This increase was also pronounced in all studied stages of wheat, barley, faba bean, rice, maize as well as at different cuts of clover. This increase is mainly due to the production of new leaves and leaves expansion through the growth of plants. Munns and Tester (2008) reviewed that plants have a Na + exclusion mechanism that maintains a low level of Na + in the leaves during salt stress; thus, the major osmoticum in leaves was K + , where K + plays an important role in maintaining cell turgor and osmotic adjustment. Also, potassium activate at least 60 different enzymes involved in plant growth (Robert, 2005) . In this connection, Abdel-Aziz and El-Bialy (2004) and Amanullah et al. (2016) found that spraying 3% K 2 O on maize plants significantly increased LAI. -Photosynthetic pigments Photosynthetic pigments (chlorophyll a, b and carotenoids) contents of studied crops were shown in Table  5 . Photosynthetic pigments were increased significantly when plants treated with 1% & 2% K 2 O as compared with untreated plants (control) in the two seasons for wheat, barley, faba bean, rice, maize as well as clover at selected times. This result may be due to that potassium activates the enzymes involved in leaf pigments formation.
In this concern, Yagmur et al. (2007) reported that potassium application had positive effects on salinity and alleviated negative effects of salinity on chlorophyll a &b and carotenoids contents of wheat plants. El-Tohamy et al. (2006) reported that foliar application of potassium reduced electrolyte leakage, thus increased total chlorophyll content as compared to untreated plants (control). However, foliar application of potassium appeared to be the most effective treatment, improving stomatal conductance and protecting the photosynthetic apparatus, which resulted in maintenance of net photosynthesis compounds rate under salt stress conditions and alleviation of negative effects of salinity. This might be attributed to the efficacy of sulfur present in K-leaf, which is involved in chlorophyll synthesis, resulting in increased photosynthetic rate (Kumar et al., 2008) . These results are agreeing with the findings of Vigay et al., (2009); Hussein et al., (2012) Table  6 . Soluble sugars and potassium contents were increased in plants treated with foliar spray of potassium and this increase were increased with increasing potassium concentration from 1 to 2 % K 2 O in the two seasons, while proline, sodium and Na + /K + ratio were decreased by foliar application of potassium and the highest decrease obtained with plants treated by 2% K 2 O in the two seasons for wheat, barley, faba bean, rice, maize and clover. However, absorption of potassium can be significantly increased due to the presence of sulfur (Farrag et al., 1990) . These results are in harmony with those obtained by El-Hawary and ElShafey (2016) and Rajitha et al., (2018) . -Yield and yield components The yield and its components of studied field crops treated with foliar spray of potassium were shown in Table  7 . The yield and its attributes in wheat, barley, faba bean, rice and maize at harvest time as well as the fresh weight of clover at each cut were increased to somewhat significantly when plants treated by 1% & 2% K 2 O as compared to control in the two seasons for all crops under study. The better yield of all crops in the present study under saline conditions could be due to the presence of sulfur in K-leaf which results in enhanced starch accumulation and higher dry matter production in wheat plants (Kumar et al., 2008) . Grain yield increased by potassium fertilizer due to improving of enzymes activity in the plant, which leads to increasing translocation of photosynthates compounds from plant leaves to grains (Hussein, 2005; Mesbah, 2009 and Hasina et al., 2011) . Abdi et al. (2002) concluded that foliar spraying with potassium increased 1000 grain weight as a result of nutrients availability which increased the enzyme activation, subsequently easily nutrients translocation from plant leaves to grains compared to soil applied potassium fertilizers exhibited the loss of nutrients via leaching and volatilization. Our findings are in harmonious with those reported by Aboelgoud et al. (2015) and Abbas and Awad (2018) (2016) on rice. Such enhancement effect could be attributed to the favorable effect of nutrient on metabolism and biological activity and its stimulating affection photosynynthetic pigments and enzyme activity that increase plants growth (Tausz et al., 2004) . Potassium and protein percentages in grains/seeds. Potassium and protein percentages in grains/seeds of studied crops were presented in Figure 1 . K and protein percentages were significantly increased when plants treated with foliar potassium and this increase increased with increasing the concentration of applied foliar spray of potassium. The highest values of K and protein percentages were achieved from foliar application of 2 % K 2 O for all crops under study in the two seasons. Recently, Bellaloui et al. (2013) stated that potassium content in plant leaves and seeds increased as a result of raising potassium application rate. The increase in protein was also accompanied by increasing K in leaf tissues and seeds. These results were in agreement with previous studies Magen (1997) , Bellaloui et al. (2010 and and Pande et al. (2014) , they observed an increase in protein percentage with higher K levels. Potassium is directly or indirectly involved in plant protein metabolism (Blevins 1985) , with K crucial in most steps of protein synthesis (Evans and Wildes, 1971 and Blevins 1985) . John and Lester (2011) concluded that foliar spraying with potassium increased protein content in grains/seeds due to the higher availability of nutrients to cereals crops. Table ( 7499.4, 8021.4 and 8531.8 pounds per feddan for 0, 1 and 2 % K 2 O respectively, representing 93.5, 100.1, 106.4% of the average gross revenue. The decreasing percentage coefficient of variation between the average total revenue of the three treatments of the study crops means the low dispersion and non-fluctuation of the revenue values. This indicates the increase in economic feasibility when using foliar potassium. Table 9 show the economic efficiency indicators of the studied field crops, net revenues per feddan for wheat were 8332. ; the return on investment pound were 1.04, 1.28 and 1.46 LE; the producer profit margin were 36.9, 41 and 42.3 % when plants treated with 0, 1 and 2 % K 2 O respectively. At the same time for the rice crop, the net revenues were 2394.9, 3116.8 and 3398.5 LE fed -1 ; the return on investment pound were 0.38, 0.49 and 0.53 LE; the producer profit margin were 27.5, 32.8 and 34.5 % when plants treated with 0, 1 and 2 % K 2 O respectively. For maize the net revenues were 1655 .3, 1996 .9 and 2058 ; the return on investment pound were 0.33, 0.39 and 0.40 LE; the producer profit margin were 25, 28.3 and 28.6 % when plants treated with 0, 1 and 2 % K 2 O respectively. Clover crop values; the net revenues were 4420.4, ; the return on investment pound were 1.44, 1.55 and 1.65 LE; the producer profit margin were 58.9, 60.7 and 62.2 % when plants treated with 0, 1 and 2 % K 2 O respectively. Abdul et al. (2012) , Farooqi et al. (2012) and Ali et al. (2016) concluded that foliar spraying with potassium had greater effects on field crops over soil application resulted from increasing the efficiency of K + uptake. 
-Economic efficiency indicators: Data in

CONCLUSION
This study indicates that foliar spraying with K 2 O at 2% concentration in the form K-leaf fertilizer performs better and fulfills potassium requirement of wheat, barley, faba bean, rice, maize and clover as compared to untreated plants (control) under saline soils conditions. Therefore, it is recommended that potassium should be applied preferably through foliar spraying in salt affected soils at East Delta region. Potassium fertilizer in the form of foliar spraying also renders greater economic returns as compared to untreated plants.
